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Research and Development

I do not doubt that the eternal mother of new wisdom - time - which has
revealed so much to us which was unknown to our ancestors, will also disclose
to our descendants what we wanted to know, yet were unable to discover.

- John Wilkins -







1  Potential policies for private R&D

1.1 Introduction

Technological progress influences considerably the design of contemporary society. Compact disc
players bear little resemblance with traditional pick-ups, mobile phones evoke vague memories of
Bell's original device, typewriters induce nostalgic thoughts when installing the latest version of a text
editor, and the Train Grand Vitesse has only the same family name as its great grandfather. The list
of technological improvements realized in the twentieth century is well nigh inexhaustible.

When economists consider technological progress, they are inclined to measure its economic
impact. One such measurable effect is the result of an important mechanism set in motion by
successful research: innovations can increase factor productivity, which in tum could contribute to
economic growth (the economic literature on this relationship is vast; for a recent survey see Korres
{1996]). In Figure 1.1 this relation is illustrated. For nineteen industrialized countries, the percentage-
change in total factor productivity is related to the corresponding percentage-change in economic
growth, computed over three consecutive time periods (1960-1973, 1973-1979, and 1979-1988).' The
positive relation between growth in total factor productivity and economic growth is evident. This is
confirmed by the estimated relationship, drawn as the solid line.2

It is normally presumed that firms decide on the basis of a cost-benefit analysis whether to
pursue technological advancements. In that respect motivations to invest in research and development
(R&D) abound.> On a fundamental level, innovations can increase productivity (see e.g. Hall and
Mairesse [1995]), which could be an adequate response to increased competition possibly from abroad
(see e.g. Bertschek [1995]). Successful innovations can also lead to an increase in market share or to
the birth of new markets, thence increasing profitability (see e.g. Geroski et al. [1993]). Further,
building up a broad scientific base could act as a barrier to entry (see Geroski [1993]), thereby
securing future profits to a certain extent. Finally, consistently investing in R&D enhances individual
firms’ ability to learn from competitors® research (see Cohen and Levinthal [1989]). In sum, innovative
firms are more competitive.

! The countries considered are Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece,
ltaly, Japan, The Netherlands, New Zealand, Norway, Spain, Sweden, Switzerland, The United Kingdom and The
United States. Figures for total factor productivity are taken from Crafts [1992}, while those concerning GDP are
provided by Eurostat.

2 The estimated relationship reads: dGDP = 0.82 + 0.48 dTFP, where both estimated coefficients are highly
significant. Incidently, the GM estimator described in Chapter § is used for this econometric analysis. For more details,
see European Commission [1996a).

3 In this study, R&D refers to a wide range of activities. Schumpeter already distinguished three phases in the
process of technological advancement: invention, innovation, and diffusion. R&D is assumed here to encompass the
first two of these phases. For a detailed analysis of Schumpeter's division, see Stoneman [1983].

3
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Figure 1.1 Total factor productivity growth related to percentage changes in GDP

Given the importance of technological progress for economic prosperity it is not surprising that
public policy makers show great interest in the market for innovations. Exemplary is that ever since
its birth the European Commission has been concerned with the functioning of this market, an interest
which has been (and still is) gradually increasing over time (see Guzzetti [1995]). This concern is
triggered by the belief that the market for innovations fails. Although firms have many reasons for
investing in R&D, still market forces are believed to be inadequate for directing an optimal amount
of funds towards R&D investments. It is the correction of this market failure with which Part 1 of the
present study is concerned.

1.2 Private and social rates of returns to R&D: a wedge

Among the many reasons why governments should intervene in market processes, the failure of
markets to deliver ‘adequate’ amounts of commodities (be it either too much or too little) features
most prominently in economists’ research agendas. Given the recently re-opened eye to the importance
of technological progress for economic prosperity it is not surprising that failures on markets for
innovation have received much attention in recent economic literature.* There it is perceived that

4 It is common practise to distinguish process innovation form product innovation. The former type of R&D refers
to advancements which lower the cost of production (which could lead to a reduction in price), while the latter form
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private incentives to invest in R&D are too low vis-3-vis social incentives. The present section reviews
the main arguments as to the existence of this difference, followed by a discussion of the relevant
empirical literature.

1.2.1 The wedge created®

The first reason why the market for innovations fails is that private rates of return to R&D investments
are lower than social retumn rates. This difference in rates of return is firstly due to bargaining
problems. To the extent that innovative products or processes contain complementary technologies,
incremental rents from an innovation may accrue to downstream suppliers. But these benefits are not
(fully) counted by an upstream firm when deciding on its R&D investment. In addition to this vertical
bargaining problem, a horizontal bargaining problem arises if innovative firms are not able to price
discriminate perfectly in the market where they try to sell (or license) their innovation. For instance,
it is difficult for possible buyers to value an innovation without the inventor giving away some
information, diminishing the latter’s bargaining power due to difficulties in reclaiming ‘loaned’
information.

Involuntary leakage of innovative information, technological spillovers, is a second source for
divergence between social and private rates of return to R&D investment. This free flow of
information is not counted as a benefit by the innovator, whereas a social planner takes into account
all proceeds of the R&D process. Indeed, as observed by Arrow [1962], authorities are confronted with
a trade-off. On the one hand, the diffusion of technological knowledge should be kept to a minimum
in order to preserve private incentives to conduct R&D, but on the other hand, it is in society’s interest
to disseminate innovative knowledge as much as possible.

A second reason why the market for innovation fails is due to the pecuniary externality effect
of technological spillovers. That is, each innovator's search for new knowledge may strengthen,
through spillovers, its rival’s competitive position, a socially desirable strengthening of competition
which, however, induces the innovator to devote less resources to R&D.

Uncertainty surrounding the markets for innovations is a third reason for under-investment in
this market. Each research project involves a great deal of trial and error (see e.g. Kamien et al.

of R&D points to the development of new products. As noted by Spence [1984, p.101]

Sometimes the cost reducing investments operate directly on costs. In many instance. they take the form of
developing new products that deliver what customers need more cheaply. Therefore product development can have
the same ultimate effect as direct cost reduction. In fact if one thinks of the product as the services it defivers to
the customer (in the way that Lancaster pioneered), then product development often is just cost reduction.

Indeed, most of the literature on R&D considers process innovations. Product innovations will be discussed in Section
1.5.6.

3 This subsection is mainly based on Katz [1986], Katz and Ordover [1990]. and the lectures Paul Geroski gave
during the 1996 summer-school on "Empirical research in Industrial Economics”, as organized by the Cenrer for
Industrial Economics of the University of Copenhagen.



6 Research and Development

[1992)), thus making it difficult to predict accurately whether or not some technology being developed
will perform properly. In addition to this technological uncertainty is market uncertainty. That is, there
is no perfect foresight as to the existence and size of a market for some product yet to materialize.
Thirdly, if R&D leads to successful new processes or products, for which there is a market, it could
be that some innovator’s competitor has entered this market before, rewarding it with the possibility
of creating entry barriers such as patenting preemptively (see Gilbert and Newberry [1982]). Indeed,
any firm can lose a patent race, despite the success of its research unit, leading to competitive
uncertainty. All in all, uncertainty in the markets for innovations restricts firms’ research horizons,
thereby excluding possible socially beneficial research avenues.

1.2.2 The wedge estimated

It is one thing to identify forces creating a discrepancy between private and social incentives to R&D
investments, it is another to estimate this difference. Obtaining (sensitive) data on individual firm’s
revenues, costs and innovative activities, in order to estimate the private return rate, can be very
difficult indeed. But even more troubling is the quantification of social rates of return to R&D
investments. That is, it is very hard to track all social benefits originating from an innovation. And to
value them is possibly even more difficult. If, for example, some new medicine saves a life, what then
is the social return to the R&D investment leading to the discovery of this particular new drug? The
reader, of course, can come up with as many examples as there are innovations to illustrate the
difficulty, if not the impossibility, of quantifying social rates of returns to R&D investments. As
Mansfield et al. [1977, p.240] remark

The measurement of social and private rates of return from investments in new technology is an
extremely difficult business, which is one good reason why so few measurements have been
attempted.

But even if both retum rates are estimated accurately, the difference between them only accounts for
part of the divergence between social and private incentives towards R&D investment, given that there
are at least two additional forces (uncertainty and pecuniary externalities) responsible for the spread
in incentives.

Yet, some studies report estimates of both social and private rates of return to R&D
investments. An impressive example of such an analysis is the above cited study of Mansfield et al.
[1977). They carefully track all possible social benefits arising from 4 process innovations and the
introduction of 13 new products, all having occurred within some time span. The social rate of return
is defined as the internal rate of return for the change in total surplus (the latter being the sum of
consumers’ surplus and producers’ surplus), due to the innovation, calculated for that time period in
which the net social benefit of the innovation is nonzero. When estimating this change in social
surplus, Mansfield et al. [1977] control for costs associated with uncommercialized R&D, for parallel
R&D costs (that is, costs incurred by firms pursuing the same research avenues as the eventual
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innovator, but were too late with introducing the new product or process), for forgone profits due to
product replacement, and for profits earned by imitators. After constructing, with equal care, private
return rates, Mansfield et al. {1977] conclude that the private rate of returm to R&D investment is
indeed much lower than the social return rate (a maximum difference of 280 percent (!} is reported).
Moreover, in about 30 percent of the cases, in retrospect firms would not have invested in the
innovation, since the private rate of return was too low. But in all these cases, the social rate of return
made the investment worthwhile. According to Mansfield et al. [1977], this could suggest that some
socially desirable R&D projects are not undertaken. Regression results, explaining the gap between
social and private return rates to R&D investments, are also presented. These estimates could be read
as corroborating the importance of technological spillovers in that the gap is widened the less
expensive it is to imitate an innovation, that is, the higher are technological spillovers.

The only valid critique of the Mansfield et al. [1977] study concerns the sample size. Detailed
examination of both private and social return rates to R&D capital naturally limits the number of
innovations to be considered. But given that only 17 innovations are examined (which, according to
Mansfield et al. [1977, p.222] cannot be regarded as randomly selected), a priori the results should
not be treated as revealing a general pattern. One way to overcome this sample size restriction is to
adopt a more narrowly defined, but straightforwardly computable social rate of retum. Indeed,
Bernstein and Nadri [1988] define in effect the social rate of return to some innovation as the
concomitant private rate of return plus all spillovers emanating from it. Hence, all that is needed to
indicate the wedge between social and privates return rates are (accurate) estimates of technological
spillovers, Observe however that this will result in conservative approximations of the wedge, because,
as explained in the previous subsection, there are (at least) two other forces responsible for the gap
between the different return rates.

Despite difficulties with measuring technological spillovers,® studies reporting estimates of
these externalities abound. One strand within this literature considers intraindustry spillovers, while
another concentrates on interindustry spillovers. The former externality refers to the free flow of
information between firms active in the same industry, whereas the latter indicates the leakage of
knowledge between competitors operating in different sectors. Scherer [1982], Jaffe [19861, Bernstein
and Nadri [1988], and Bernstein (1989] all report statistically significant interindustry spillovers.
Bernstein and Nadri [1989), and Caballero and Jaffe [1993] on the other hand find significant
intraindustry spillovers. Yet others estimate both externalities simultaneously. For example, using
annual observations on 170 Canadian firms from seven two-digit Standard Industrial Classification
industries’ for a period of 13 years, Bemstein [1988] estimates both intraindustry and interindustry
technological spillovers. He concludes that both types of spillovers reduce the average cost of
production, although the effect of interindustry spillovers is larger than that of intraindustry spillovers.

%In particular, knowledge as such is not directly observable, technological spillovers can be confused with other
measurement errors, and they are difficult to distinguish from increasing retums (see Geroski [1996]).

7 These are Food and Beverage, Pulp and Paper, Metal Fabricating, Non-Electrical Machinery, Aircraft and Parts,
Electrical Products, and Chemicat Products.
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Moreover, interindustry spillovers unambiguously lower the demand for R&D capital whereas
intratndustry spillovers only do so in industries with a relatively low demand for R&D. For R&D
intensive industries the effect of intraindustry spillovers is the reverse. An explanation for this reversal
could be, as observed in the introduction, that firms have to conduct research themselves 1o be able
to appropriate the technological spillover. Finally, Bemstein [1988) concludes that the difference
between social and private rates of return to R&D are mainly due to the existence of intraindustry
spillovers.?

All in all, technological spillovers are not merely a theoretical concept, but are also persistently
revealed in empirical studies. If anything, these findings confirm the existence of a wedge between
private and social rates of return to R&D investments. And this wedge only results in a conservative
estimate of the difference between social and private incentives to invest in R&D given that other
pecuniary externalities and uncertainty are not taken into account. Hence, leaving the R&D investment
deciston to the market induces firms to under-invest in R&D. To try to correct this market failure,
authorities can choose one of several policy tools, or devise a comprehensive policy portfolio. What
these instruments are is discussed next.

1.3 The first policy: patents

The policy spectrum for private R&D investments consists of three tools. Rewarding an innovator with
some monopoly power by granting it a patent is a traditional practise.” This should increase the
incentives to devote resources to R&D, since technological spillovers are diminished. Indeed, not only
are rivals’ competitive edges dulled by an innovators’ research, but the latter’s (horizontal) bargaining
power is also strengthened, thus facilitating the appropriation of returns to R&D. Moreover, to the
extent that technological spitlovers enhance social welfare, the social rate of return to R&D declines,
thereby narrowing the gap between social and private incentives to invest in R&D.

However, empirical research does not confirm strongly the alleged benefits of the patent
system. It appears to be very difficult to prevent technological knowledge from spilling over. For
example, Mansfield {1985] finds for his sample of 100 American firms, that within 12 to 18 months
an innovator’s decision to develop a new product or process is known to its competitors. Moreover,
within one year after a new product or process is developed, its nature and operation is in rivals’
hands. Indeed, as discussed in the previous section, studies reporting significant spillovers despite
intellectual property rights abound. This is reflected, for example, by the observation of Mansfield et

8 Observe that technological spillovers are not bounded by national borders. Indeed, Coe and Helpman [1995]
estimate technological spillovers between countries. Another interesting contribution is that of Suzuki [1993), who
approximates the externality as it occurs both within and between different *keiretsu’ groups.

9 Designing a patent involves the construction of some mix between the time it lasts (the length of the patent),
and the spread of adjacent innovations it precludes (the breadth of the patent). The optimal length-breadth mix is
subject of an ongoing economic debate. At the heart of this discussion lies the relationship between social welfare and
post innovation profits. Indeed, the literature on patents is vast and we will not try to review it here. For a recent
survey see e.g. Denicold [1996].
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al. {1981}, that the majority of the 48 innovations they consider would have been carried out even if
there was no patent protection.'?

But even if the patent system would work perfectly, it has its costs. Granting air-tight patents
1o innovators prohibits efficient sharing of innovative information, since the marginal costs of
information sharing are often close to zero. Licensing contracts however, are likely to include prices
faced by the licensee which are well above these marginal costs. Also, as suggested by Katz and
Shapiro [1985], dummy licensing agreements involving royalty-labelled side payments could cover up
cartel agreements. Moreover, as revealed in the sample of Mansfield et al. [1981], patents could be
used to increase imilation costs (and with it, the time it takes to imitate) which can serve as a barrier
to entry. Indeed, Mansfield et al. [1981] report regression results revealing a strong, positive
correlation between imitation costs and industry concentration.

An even more fundamental critique of the patent system comes from the observation that large
technological spillovers persist in R&D intensive industries (see e.g. Levin [1988]). This implies that
it is questionable whether these externalities undermine firms’ incentives to invest in R&D. Indeed,
Cohen and Levinthal [1989] argue that R&D activities not only generate new knowledge but also
enhance the ability to exploit and assimilate existing knowledge. Hence, technological spillovers may
even encourage firms to invest in R&D. It is for this reason that Geroski [1996] suggests policy

makers to try to maximize spillovers.
1.4 The second policy: R&D-cooperatives

A policy too! recently discovered by policy makers to fight the difference between social and private
incentives to invest in R&D, is allowing firms to cooperate in their research.!" Indeed, in the U.S.,
Europe and Japan, cooperatives in R&D are not illegal per se.'? On the contrary, national and supra-
national authorities actively encourage the formation of such strategic alliances, expecting them to gear
private incentives to invest in R&D towards the socially desirable level.'® In this section the main
arguments against and in favour of this permissive antitrust treatment of cooperatives in R&D are

10 This result depends very much on which industry is considered though. Especially in the pharmaceutical
industry patent protection is considered to be important (see Mansfield et al. [1981]).

1! Katz and Ordover [1990] consider licensing of innovations to be a form of ex post cooperation among firms.
Cooperation in R&D, in which firms jointly set their R&D investments, is then considered as ex ante cooperation. The
remainder of this chapter thence concerns ex ante cooperation.

12 Europe, the European Commission granted in its Regulation 418/85 a thirteen-year block exemption under
Article 85 para.3 to collusion in R&D. In the United States some cooperation between innovating firms is allowed
under the National Cooperative Research Act of 1984. Japanese corporate law also atlows firms to cooperate in their
research. For an elaborate comparison between Europe, the U.S. and Japan on this issue see Martin [1997).

13 See, for example, the European Commission’s "Green Paper on Innovation™ (EC [1995]) and its "Action Plan
for Innovation in Europe™ (EC [1996b)).
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reviewed.'* The following subsection contains an overview of the formal economic literature
rigorously examining the issue of cooperative R&D.

1.4.1 The case for cooperative R&D

The first main argument in favour of cooperative R&D emerges from the existence of technological
spillovers. As discussed in Section 1.3.1, the mere existence of these externalities creates a wedge
between social and private incentives towards R&D investments. However, technological spillovers
do not diminish the incentives to invest in R&D if partners agree to share the research cost before the
R&D investment is actually realized. Indeed, firms understand that there will be no free-riding on their
investment, at least not by the members of the cooperative. Moreover, if future partners also agree to
fully share the results generated by their cooperative R&D, the trade-off identified by Arrow [1962]
(see Section 1.3.1) disappears. That is, ex ante agreements to fully share the fruits and cost of research
preserve the private incentives to undertake R&D while diffusing all information within the
cooperating group. It follows that, from this point of view, a cooperative should inciude as many firms
as possible (within a certain industry). In addition, full sharing of information eliminates wasteful
duplication within the cooperating group and thus increases the efficiency of research, that is, fewer
resources are needed to obtain a given level of effective R&D. Hence, a fall in resources devoted to
R&D because of cooperation does not necessarily mean a drop in effective research.

A second argument in favour of R&D-cooperatives is one of scale economies. As early as
1952, John Kenneth Galbraith observes (Galbraith {1980, p.86])

There is no more pleasant fiction than that technological change is the product of the matchless
ingenuity of the small man forced by competition to employ his wits to better his neighbor.
Unhappily, it is a fiction. Technoiogical development has long since become the preserve of the
scientist and the engineer. Most of the cheap and simple inventions have, to put it bluntly and
unpersuasively, been made. Not only is development now sophisticated and costly but it must be
on a sufficient scale so that success and failures will in some measure average out.

He consequently concludes (Galbraith [1980, p.87])

[

Because development is costly, it follows that it can be carried on only by a firm that has the
resources which are associated with considerable size.

Due to the ever increasing complexity of innovations and the concomitant rise in development costs,
many claim that today even large firms do not have the necessary asseis for developing new
technologies. R&D-cooperatives are then a natural means for participants to provide the necessary
capital by pooling members’ financial resources, given that capital markets are imperfect (that is, credit

4 The discussion is based on Katz [1986), Jacquemin [1988), Katz and Ordover [1990], and Geroski [1993).
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is rationed because of asymmetric information and different attitudes between banks and firms towards
risk, the former being relatively risk averse). Moreover, to obtain financial credit the bargaining power
of a consortium of firms is likely to be stronger than that of a single firm, implying that an R&D-
cooperative can undertake larger projects than the sum of its members’ individual capital stocks would
permit. Further, what often matters for innovations to be commercially successful is the timely
introduction of new products or technologies, which requires R&D capital to be readily available.
Providing these assets by pooling financial resources is then the preferred alternative for the elaborate
bargaining process between firms and financial institutions will take much more time than financing
the project directly out of the R&D-cooperative’s capital stock. In short, cooperatives can conduct
larger R&D projects than any of the participants could pursue on their own, while also being able to
introduce new innovations more quickly because of better access to the necessary financial resources.

Finally, the scope of feasible R&D projects is enlarged if firms conduct R&D-cooperatively.
Indeed, by pooling resources more avenues of research are within reach because of possible synergies
and complementarities among cooperating firms. Moreover, by sharing the risk of research through
cooperation, members of the R&D-cooperative might contemplate more risky projects, thereby also
widening the potential research horizon.

1.4.2 The case against cooperative R&D

Against the potential benefits of R&D-cooperatives inevitably lurk some drawbacks, the most
important among these being that members of an R&D-cooperative could use the agreement as a
forum to discuss and to set prizes prevailing in the product market, practices which are likely to yield
a harmful reduction of competition. Indeed, not only are side payments more easily made if firms meet
on a regular (and legal) basis, the fact that some firm is cooperating in the pre-competitive stage of
the production process might signal its cooperative nature and it could thus be identified as a possible
colluding partner in the competitive stage.'® On the other hand, as argued by Geroski [1992], for an
innovation to be commercially successful there have to be strong links between those conducting the
research and those marketing the concomitant innovative product, since it is the feedback from output
markets that directs research towards profitable avenues.'® Given then the necessity of strong links
between pre-competitive R&D and final competition, firms® incentives to conduct joint research might
be diluted if not at least some form of joint exploitation of cooperative research is allowed for in the
product market. In sum, if firms are allowed to cooperate in their research they have ample opportunity
to extend the cooperative agreement to output markets (see Martin [1996] for an illustration of this
point). Moreover, in order not to undermine the incentives for cooperating in R&D some market power
has to be given to the cooperating firms. Indeed, as aptly observed by Jacquemin [1988], in deciding

1 According to Geroski [1993], this learning about partner’s behaviour is an environmental externality.

18 For this reason, Geroski [1992] argues further that the stimulation of vertical links within innovative industries
is likely to be more effective in bringing research to a success than allowing for horizonta! links.
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whether or not firms are allowed to form R&D-cooperatives, authorities are faced with a Schumpe-
terian trade-off between static and dynamic efficiency.

Another objection to R&D-cooperatives is that they might actually lower the incentives to
conduct research. This is likely to happen when negative pecuniary externalities prevail. For instance,
if joint research lowers only the cost of some of the participants, thereby reducing final profits of all
other members of the cooperative, it could be in the interest of the whole group to diminish the overall
research intensity. Another such situation arises when partners realize that products embodying new
technologies will only replace existing ones. Indeed, a large dominant incumbent firm could engage
in cooperative research with a small entrant in order to hamper the latter’s research agenda. Also, if
competition in output markets is strong, firms can jointly decide to cut on R&D expenses, since in this
case severe product market competition is likely to direct alt surplus towards final consumers. Finally,
if future research will be such that only the first successful innovator will make a profit (‘the winner
takes it all'), thereby driving all other firms out of the industry, existing firms may decide collectively
not to engage in this ‘patent race’. What this all adds up to is that cooperatives in R&D internalizing
negative pecuniary externalities are likely to collectively decide to cut on R&D activities. This then
will lead to the introduction of fewer new (and possibly superior) products, not only because any
cooperative agreement diminishes competition (see Martin [1994]), but those engaged in research will
devote fewer resources to it.

The final main argument against R&D-cooperatives is that they can act as a barrier to entry.
Indeed, excessively accelerating R&D programmes in order to patent preemptively (see Gilbert and
Newberry [1982]) might very well require the amount of capital only a cooperative can come up with.
Moreover, cooperating firms could collectively decide on standards of future products, effectively
blocking non-participants’ and future entrants’ ability to compete in the post-innovation market.
Industry-wide adoption of a standard set by an R&D-cooperative is, of course, more probable the more
firms join the R&D-cooperative. Indeed, the threat of increased entry barriers through cooperation in
R&D cautions the approval of industry-wide R&D-cooperatives.

Having discussed the main potential benefits and drawbacks of R&D-cooperatives, their
functioning within economic systems is to be considered in more detail. That is, the formal economic

literature on R&D-cooperatives is now examined.
1.5 The formal analysis of R&D-cooperatives; a literature review

Although the literature on strategic R&D, as it has developed over the last decade, has its roots in Katz
{1986], an important catalyst to this strand of economic thought is the famous example of d’ Aspremont
and Jacquemin [1988].!7 They present a two-stage duopoly with homogeneous products. In the first
stage both firms simultaneously determine their R&D efforts. The subsequent stage entails Cournot
competition in the product market, given the R&D efforts of the first stage. Within this framework

17 This paper already found its way into mainstream economics textbooks (see Shy [1995] and Phlips (1996]).
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three different scenarios are considered: first, no cooperation in either the first or the second stage;
second, cooperation in R&D and competition in output; and third, cooperation in both the first and the
second stage. In order to assess these different market structures, the concomitant market equilibria
are compared with the first best (total surplus maximizing) market solution. An important element in
the analysis is the explicit modelling of technological spillovers.

D’ Aspremont and Jacquemin [1988] conclude that cooperation in R&D (but not in production)
leads to an increase in R&D efforts (and production) if technological spillovers are substantial (in their
example this refers to technological spillovers of at least 50%). In case of small spillovers the reverse
holds. Overall, the fully cooperative game leads to the highest level of R&D investments when
spillovers are above 41%. As observed by d’Aspremont and Jacquemin [1988, p.1135], this is due to
cooperating firms being able to capture more of the surplus generated by their R&D if competition
in the product market is weakened. For technological spillovers below 41% monopoly R&D efforts
are in between those generated under the fully competitive regime and those induced by the partially
collusive market structure. On the other hand, production of the monopoly is always short of that
under the partially cooperative and fully competitive regimes.'® Finally, under all regimes considered
and for all technological spillovers, both production and R&D efforts fall below those considered first
best.

From the analysis of d' Aspremont and Jacquemin [1988] two main conclusions can be drawn.
First, there is corroboration of the idea that R&D-cooperatives enhance private R&D spending if pre-
cooperative technological spillovers are large (see Section 1.5.1).'" The deeper explanation for this
finding lies in the interaction between two externalities associated with strategic R&D investments.
On the one hand, devoting resources to R&D activities increases the innovator’s efficiency of
production and thus rewards it with a larger market share at the expense of its competitors. That s,
any firms’ R&D investment has an impact on all firms’ profits. On the other hand, some of the
benefits of every R&D investment will spill over to rivals, thereby increasing their production
efficiency. The first of these two effects, labelled by Kamien et al. [1992] as being a combined-profits
externality, can either be positive or negative.® The second, identified as a competitive-advantage

18 See also d° Aspremont and Jacquemin [1990]. Henriques [1990] points out that d'Aspremont and Jacquemin
[1988] neglect to examine stability conditions. In case of small spillovers, these conditions restrict the space of some
of the parameters featuring in d’Aspremont and Jacquemin [1988], but do not alter any of the results reported.
Moreover, the claim of Henriques [1990, p.639] that in her numerical example of the d'Aspremont and Jacquemin
[1988] model an equilibrium in the fully cooperative model does not exist if technological spillovers are above 60%
is obviously wrong. Indeed, insenting the parameter values employed by Henriques [1990] into the second order
condition associated with the R&D stage of the monopoly shows that this conditions holds for afl technological
spitlovers.

19 Hinloopen [1994] shows that in the d’ Aspremont and Jacquemin [1988] firms always want to cooperate in as
many stages as allowed to. He shows further that total surplus increases through cooperation in R&D (while
maintaining competition in the output market) if pre-cooperative spillovers are substantial. Ziss [1994] shows that for
a duopoly, in general, large spillovers are necessary but not sufficient for the latter observation to hold.

20 Observe that the combined-profits extemality is the pecuniary externality among firms (as identified by Katz
[1986]) plus the effect of any innovator's R&D activities on own profits.
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externality by Kamien et al. [1992], is unambiguously negative. In deciding how much to spend on
R&D, individual firms always take account of the free-rider effect (that is, of the competitive-
advantage externality). R&D-cooperatives, in addition, internalize the combined-profits externality. The
first conclusion of d’ Aspremont and Jacquemin [1988] then implies two things. First, if there are no
spillovers (and hence, no competitive-advantage externality), the combined-profits externality is
negative. Indeed, if in this case firms form an R&D-cooperative, total R&D spending will be reduced.
Second, if spillovers increase, the combined-profits externality gradually becomes positive. Moreover,
for large enough spillovers it outweighs the negative competitive-advantage extemnality (although the
latter’s absolute size increases with expanding spillovers), inducing cooperating firms to spend more
on R&D vis-3-vis non cooperating firms.

D’ Aspremont and Jacquemin’s [1988] first result has a direct corollary. If for some magnitude
of technological spillovers cooperative R&D exceeds noncooperative R&D, it must be the case that
the combined-profits (indirect) externality reacts more to a change in technological spillovers than the
competitive-advantage (direct) externality, given that in absence of the latter the former is negative.
Further, observe that the two externalities are related. That is, a stronger negative competitive-
advantage externality enhances the effect any innovator’s R&D expenses have on its rivals’ profits by
widening the channel through which information flows freely. The interaction between the two
nd
where cooperative and noncooperative R&D investment coincide for PB° (this being 50% in
d’ Aspremont and Jacquemin's model [1988]),

externalities is illustrated in Figure 1.2, where the maximum spillover size is denoted by B, . a

Another way of comparing cooperative R&D with noncooperative R&D is'by distinguishing
complementary from substitutable research (see Geroski [1993]). As will be shown in Chapter 2, for
d’Aspremont and Jacquemin’s [1988] model the condition under which cooperative R&D (with
competition in production) exceeds noncooperative R&D corresponds exactly to that which determines
when research is complementary (see also Vonortas [1994], Poyago-Theotoky [1995]) and Steurs
[1995]). That is, R&D-cooperatives conduct more research than the total of research their members
would undertake on their own when R&D is complementary, whereas the reverse holds for
substitutable research.? If R&D is substitutable, negative pecuniary externalities prevail and are
likely to yield an overall negative combined-profits externality, especially when the number of firms
in the industry is large. Added to the free-rider effect, however small this may be, it leads cooperatives
to cut their R&D expenses. Pecuniary externalities are positive however if